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@ Method and apparatus for diseased tissue type recognition. 

@ A method and apparatus (21.150) is disclosed 
for identifying tissue which is suspected of 
being physiologicaily changed as a result of 
pre-cancerous or cancerous activity. The ap- 
paratus (21.150) includes a probe (1,10 ;151) 
configured to contact the tissue and which 
includes an arrangement (3-7,17-47 ;15a.163) to 
subject the tissue to a plurality of different 
stimuli such as electrical, light, heat sound, 
magnetic and to detect plural physical resporv 
ses to the stimuli. The probe (1.10 ;151) con- 
nects to an analogue section (23;152) which 
buffers signals between the probe (1.10 ;151) 
and a processor (22;153). The processor 
(22;153) processes the responses in combi- 
nation in order to categorise the tissue, and 
then compares the categorisation with a 
catalogue of expected tissue to identify the 
tissue, the processing occurring in real-time 
with an indication of the tissue type (eg. nomial, 
pre-cancerous/cancerous, or unlcnown) being 
provided to an operator of the apparatus. 
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The present Invention relates to a method and ^ 
paratus for identifying different tissue types Indtxfing 
those displaying modifications invotving pr^-cancer- 
ous or cancerous stages, diseased tissues, and those 
that are in a transitional stage. 5 

The identification of different tissue types la pro- 
vided via a set of measurements of the tissue's phys- 
ical properties. The present invention relates particu- 
larly to the identification of different ty^s of tissues. 
Including external skJn and those that can t>e inspect- io 
ed ty means, such as an endoscope, that enable di- 
rect access Inside the body. A specific application of 
the invention relates to the inspection of the cervix. 

The early detection of tissues displaying pm-c^ 
car or cancer modifications is important for success- is 
f ul medical treatment Presently-used detection tech- 
niques suffer from inaccuracy and are subject to op- 
erator error as well as being time-consuming. A good 
example of this Is the Pap smear for cervical cancer. 
X-ray diagnosis, which can also be used for detecting 20 
advanced cancer modifications, can lead to detrv- 
nrtental exposure to radiation. 

A positive result produced by a Pap smear test is 
generally followed by a visual examination using a 
cdposcope which provides a magnified view of the 25 
cervix. Suspect regions of the cervbcars evduated by 
a skilled practitioner who then makes a subjective 
Judgement of the tissue observed. There are many 
tissue types in the cervix, sonr>e of which display ana- 
k>gous appearances, including visual and textural 30 
characteristics, that make dinteal diagnosis very <fif. 
f loilt and subject to enw. 

Similar sut>jective assessments play a major role 
in the detectwn and treatment of other locatkxis of 
neoplastfc pre-activity and activity, for example skin 35 
melanoma. 

Methods and devices have been devek>ped in an 
attempt to use measurements of physical character- 
isttos of the tissue for distinguishing cancerous tissue 
from non-cancerous tissue. Bectrical measuraments 40 
of the skin or tissue have been used. Such electrical 
measurements on their own do not provkje the infor- 
matk>n needed for an effective diagnosis. 

In US Patent No. 4,537,203 Io MachUa, an st^ 
normal eel detecting device having a pafr of electro- 45 
des attached to a portion of the body Is disctosed. Two 
voltages at different frequencies are applied between 
the pair of electrodes. The capacitance measured at 
the two frequencies gives an indicatkwt of the pres- 
ence of abnormal cells. so 

In US Patent No. 4.955.383 to Faupel, a method 
and apparatus for determining the presence or ab- 
sence of a diseased oonditk>n \n a tissue is disclosed. 
Skin SATface potentials are measured using an elec- 
trode array. 55 

In US Patent No. 5,143.079 to Frei et al, an ap- 
paratus for the detection of tumour in tissue is dis- 
eased. The apparatus includes means for determirv 



ing the dielectrk: constant of living human tissue. The 
Impedance of a specific area depends on the (Seleo- 
trtc constant and the conductivity of the tissua Inho- 
mogeneities in the tissue give rise to variations of the 
impedance. 

It is also known to measure the physical charac- 
teristics of a tissue by optical measurements. For ex- 
anple, a devk:e described in US Patent No. 5.036.853 
by the present applicant is used to identify cervical 
tissue which Is suspected of being physwiogically 
changed as a result of neo-plastic aaivity or pre-ao- 
tlvityof a cervical lesion. In this arrangement, correct 
positioning of the probe device relative to the surface 
of the cervix is required to avoid incorrect measure- 
ments. The device as described in that patent is un- 
able to ensure correct positioning. 

The above menttoned arrangements suffer from 
a number of disadvantages. In partk:ular. each is gen- 
erally configured for use with a particular type of can- 
cer which is presented to the physkaan under gener- 
ally the same condittons. Accorcfingly, such devices 
are not able to be used effectively for a plurafity of tis- 
sue and cancer types, such as cervkai. skin, colon 
etc and conveniently at locations at which those can- 
cers are found. 

It is an ot>ject of the present invention to provide 
a method and apparatus for tissue type recognition 
which permits use at a variety of locations within or 
about a living being and that can quickly produce an 
objective kJentifrcatton of the tissue types including 
the presence of pre-cancerous and cancerous activ- 
ity. 

According to one aspect of the present inventron 
there is disclosed an apparatus for identifying differ- 
ent tissue types including those displaying modifica- 
tions involving pre-cancerous or cancerous activity, 
said apparatus comprising a probe having one end 
shaped to face said tissue and comprising at least two 
paths for electromagnetfc radiatkm, at least one of 
said paths leading to said one end arranged to convey 
sakJ electromagnetic radiatton in a first direction to- 
wards saki one end, and at least one of saki paths 
leading from saki one end and arranged to convey 
said electromagnetic radiatton in a second direction 
away from sakl one end; 

a first electromagnetic generator means con- 
nected to said at least one sakl f irst directton path to 
transmit said electromagnetic radiatton at a first or 
associated with a first wavelength atong said at least 
one first direction patii and a second electromagnetic 
generator means connected to sakl at least one first 
direction path to transmit sakj electromagnets radia- 
tion at a second wavelength atong said at least one 
first directton patii. said second wavelength being dif- 
ferent from sakl firet wavelength; 

receiving means connected to sakl at least one 
second direction patii to receive sakj radiation at said 
first and second wavelengths backscattered by said 



EPoesoeMAi 



tissue; 

at least one electrode means to apply electh- 
cai signals to said tissue and electric^ measuring 
means to measure resulting electrical response t>y 
said tissue; and 5 

comparator nteans to compare the measured 
electrical signals and the measured received radia- 
tion and compare same with known values to theret>y 
identify the tissue type. 

It Is to be noted that where the term "wavelength" 10 
is used In connection with sources of electromagnetic 
radiation, the spectral t)andwidth of such sources will 
be finite. 

According to another aspect of the present inven- 
tion there is disclosed a method of identifying tissue 15 
which is suspected of being physiologically changed 
as a result pre-cancerous or cancerous activity, said 
method comprising the steps of: 

irradiatkig said tissue with electromagnetic ra- 
diation at a first wavelength: 20 

irradiatkig said tissue with electronragnetic ra- 
diation at a second wavelength, said first and second 
wavelengths being different; 

receiving the radiation at said first and second 
wavelengths badcscattered by said tissue: 25 

supplying electrical signals to said tissue and 
measuring the resulting electrical response of the tis- 
sue; 

generating mathematical transformations of 
said received radiation and electrical response sig- 30 
nals and identifying the condition of said tissue by 
comparing said mathematical transformations with a 
catalogue of the key features of normal and abnormal 
tissue types. 

It is noted that backscattered radiation includes 35 
reflected radiatk>n. 

In accordance with another aspect of the present 
invention thero is dtsdosed a method of Wentifying 
tissue which is suspected of being physk3logk:af]y 
changed as a result of pre-cancerous or cancerous 40 
acthfity, saU nwthod comprising the steps of: 

(a) subjecting the tissue to a plurality of different 
stimuli; 

(b) detecting a corresponding tissue response to 
each stlmdh 45 

(c) processing each response In comblnatton to 
categorise the tissue; and 

(d) comparing the categorisation of the tissue 
wth a known catak>gue of expected tissue types 

to ktontify the tissue. 50 
In accordance with another aspect of the present 
inventkMi there is dtsdosed apparatus for kJentifying 
tissue which s suspected of being physralogically 
changed as a result of pre-cancerous or cancerous 
activity, saki apparatus oomprising: 55 

a plurality of energy sources configured to im- 
pinge upon or to contact said tissue and to stimulate 
same with a plurality of different stimuli, a plurality of 



detectors conf igured to detect responses of said tis- 
sue to a respective one or plurality of said stimuli and 
to couple said responses to a controller, said control- 
ler induding a processor arrangement configured to 
process saki responses in comblnatton in orderto cat- 
egorise said tissue, a memory arrangement compris- 
ing a catalogue of expected tissue types, and a conv 
parison arrangement for comparing the categorisa- 
tton of said tissue with said expected tissue types 
from said catalogue so as to WentJty same, and an in- 
dteator arrangement for indteating to a userof said ap- 
paratus the tissue type identified, or the probability 
thereof 

A number of embodiments of the present inven- 
tton will now be described mth reference to the draw^ 
ings in which: 

Fig. 1 is an illustratton. partially in sectton, of a 

probe system of one embodiment in use; 

Fig. 2 is a scherratic representatkMi of a probe of 

a first embodiment. 

Fig, 3 is a schematic representation of a probe of 
a second embodiment. 

Fig. 4 is a graph of a sequence of electrical pulses 

used for the embodiment shown in Fig. 2, 

Fig. 5 is a graph of a sequence of electrical pulses 

used for the embodiment shown in Fig. 3, 

Fig. 6 is a schematic block diagram representa- 

tton of a detectton system of one embodiment, 

and 

Fig. 7 is an example of a graph showing a group 
of tissue types as a functton of three discrimi- 
nants obtainable from electrical and optical 
measurements; 

Fig. 8 Illustrates the use of an embodiment of a 
probe spedftealty configured for detectton of 
cervtoal pre-cancers; 

Fig. 9 illustrates another embodiment of a sensor 
spedf Ically configured for detectton of skin can- 
cers and the like; 

Fig. 10 is a perspective, partially cut-away view 
of a further embodiment of the invention for de- 
tectton of skin cancers and the like; 
Fig. 1 1 is a side view of an optical sensor indud- 
ing a balUef ractton head; 
Fig. 1 2 Is a view of another embodinr)ent whteh in- 
dudes ultrasonto transducers; 
Figs. 1 3Aand 1 3B are end and side views respec- 
tively of a probe embodiment whfch Incorporates 
Ihenmal and opttoal stimuli; 
Figs. 1 4A and 1 48 are end and stoe views respec- 
tively of a probe embodiment Induding electrical, 
optica and magnetic stimuli; 
Figs. 1 5 and 1 6 show two arrangements for probe 
calibratton; 

Fig. 17 shows a further embodiment of probe cal- 
ibratton; and 

Fig. 18 is a schematto block diagram representa- 
tion of a detection apparatus according to the 
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preferred embodiment 

Cancer detection through optical sensing often 
involves imaging of a tissue region in question onto a 
sensor array. Such e technique irr^oses a number of 
limttattons. Firstly, transmission through and scatter- 
ing of the tissue and its environs ara nnore significant 
for cancer detection than surface reflection from the 
tissue. Optical inking sensors respond primarily to 
surface raflections. Secondly, the sensed image is 
usuafly grossly affected by Interfering properties of 
the tissue surface such as surface ref lecth/tty, entls- 
slvtty. specular reflection, surface fluids and ambient 
light Thirdly, the optical signal received by each pixel 
of the sensor array is generally decomposed spectral- 
ly into only a few wavelength regions as with red, 
green and blue (RGB) camera systems. Fourthly, it is 
not feasible to make simultaneous electrical, magnet- 
ic or acoustic measurements on each projected pixel 
of tissue. Such measurements, as the present inven- 
tors have found, can be most important in combina- 
tion with the optical information to discriminate the tis- 
sue type in that region. Also, the sutsject region is not 
always sufficiently accessible to be illuminated by 
and sensed with an imaging system, such as a canv 
era. 

When a tissue is viewed with the naked eye or 
through an imaging system, what Is observed In the 
image is the Illuminating light being reflected by each 
minute region of tissue. This represents primarily, 
surface reflected light and can be highly influenced, 
if not dominated by. flukis prevailing on the surface, 
oxidising agents or other cherrucal or pH phenomena 
existing at the surface, surface temperature, as well 
as the type and angle of itluminatk>n. Light from cells 
or tissue at or near the surface thus generally has less 
discriminatory infbnnatk)n regarding cancer or pre- 
cancer, when compared to light from eels or tissue at 
slightly deeper environs, wtiich ate largely visually ot>- 
scured by surface r^lectk)ns. Hence a system that 
accesses optfeai properties of these deeper cells as 
a signal whilst excluding reflectk)ns from the si^ace 
cells, is highly desirable. The means used In the de- 
scribed embodiments to achieve such discrimination 
is 'controlled spatial separatk)n and optical Isolatton" 
between the regton of tissue irradlatad and the regton 
of tissue from whk:h the radlatkm Is examined. 

In viewing with the naked eye. or through a con- 
ventional optk:al imaging system, there is no equiva- 
lent process for ot»ervtng the localised transfer prop- 
erties of each 'pbceT of tissue so described. The latter 
are a consequence of a complex dynamic t)etween 
transmisskKi, absorption, scattering and retro-reflec- 
tk>n whose end effect can produce tissue iderttif k»- 
tk>n superior to a surfece reflection. This process, re- 
ferred to herein as backscattering. constitutes a bask: 
mechanism employed In the preferred embodlnoents 
to be described. 

When the Informatton from an ensemble of re- 



grans in proximity whose backscattering ability has 
been measured Is reconstructed as an optical image 
(ie reconstructed in the same spatial orxler as the 
measurenrwnts were taken), it fbnns a *image' of 

5 backscattered values over the reconstnjctk>n sur- 
face. Such an inwge is herein called a *t>ackscatterBd 
inruige* and it can provkle a valuable mapping to iden- 
tify celt and tissue type over a region. One embodi- 
ment of the present inventkMi provides a means for 

10 creating such backscattered in^ages. In additkwt the 
inclusion of electrical noeasurenDent data related to 
the locally prevailing dielectric and impedance prop- 
erties of the tissue at each pixel of the image provides 
a multi-dimensional imaging mechanism. The mech- 

15 anism of backscattered imaging as descrit)ed herein 
includes the concept of measuring any one or more of 
the electrical, magnetic, acoustic, ultrasonic ther- 
mal. optk:al. and the like physical parameters at each 
pixel region, and is particularly relevant to the descri- 

20 bed embodiments. The backscattered image thus 
can indude a characterisation at each pixel region of 
a nmjltiplicity of energy types and physical mecha- 
nisms. 

A backscattered inuige thus can include a char- 
ts acterization, at each pbcel region, of a multiplk:tty of 
energy types and physical ntechanisms. While back- 
scattered sigaal variables would primarily be of a 
stimulate/receive transfer nature, the included meas- 
urement of self properties at each pixel region (like 
30 prevailing temperature or electrostatic potential), is 
not herein excluded within the definition of a back- 
scattered image. 

Because in cancer detectk)n it is particularty inv 
portant to asymptote toward achieving zero false neg- 
35 ative results, rt is often deskable to utriee as many In- 
dependent discriminatore as feasible to distinguish 
tumorous cea types. For example, if a given mecha- 
nism involving an independent stimulate/receive en- 
ergy form (eg., magnetto) yields only a 1 % added stat- 
40 istical contributk>n toward detenninatk>n of tumorous 
cell types, and the sunvned effect of the other energy 
forms utilized statistically discrimkiata to 98% accu- 
racy, (eg. optical and electrical), the compound addi- 
tk)n of 1% magnetk: contribution can halve the sys- 
45 tern inaccuracy from [100%-9d%] = 2% to [100V 
99%] = 1%, (for optical, electrical and magnetic). 
Thus the contributkMi of a seemingly small indepen- 
dent statisticai-discrimination-capability can yieM 
stgnifk:antly improved overall system perfonmance 
50 and may well warrant induston. For this reason, mul- 
tiple measurements which involve many different en- 
ergy forms and mechanisms, (whfle more cumber- 
some to implement or diff kxitt to buiM into one small 
probe necessitating mkraniniaturization techndo- 
55 gies). represent desirable features of the preferred 
embodiment 

It is therefore desirable to utilise an appropriately 
configured prot>e whtoh can provMe access to the 
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surface of the tissue and drcumvent some or all of the 
limitations discussed above. In the case of cancer de- 
tection near a region where admfttanoe is through a 
physical probe, it is important to access the tissue 
surface while avowing substantial visual feedback. 5 
and permitting the greatest positioning dexterity for 
the dinidan. Accordingly, embodiments where a 
probe is used should be configured to maxirryse vis- 
ibility with minimum obscuration while at the same 
time permitting stimulating sensors to foflow the coo- 10 
tour of the subject tissue. The accuracy with which the 
tissue type can be established In proximity to the sur- 
face is highly dependent upon such functions. Control 
of orientation to the surface direction, to pressure 
against the surface, exdusion of unwanted sources of is 
instrumentation noise such as background light flu- 
ids, parasitic electromagnetic or mechanical vibra- 
tions are important to achieve precise PDeasure- 
ments. 

Moreover, these constraints on measuren^ent ac- 20 
curacy interdepend upon the methods emptoyed to 
bring the stimuli energy to and f fom the tissue surface 
regardless of whether the stimidl is dectricaJ, optical, 
acoustic, magnetic, thermal or ultrasonic. 

With an imaging probe of the described embodi- 25 
ments, it is preferred to cdledively accumulate data 
over each spatial region of inteirogation so that a de- 
cision about the region can be based upon a mult^li- 
city of N readings rather than a single reading. Such 
a sampling process is likely to result in a statistical inv 30 
provement in predsion proportionai to K is also 
convenient to be able to ascertain a resultant 'pidure* 
analogous to pidures on a computer screen derivable 
through an imaging system, of each of the cell or tis- 
sue types over the subjed regton. 35 

Thus, in the design of a pre-cancer and cancer 
detection system which measures physkal variables, 
it is appropriate to have a data acquisitk>n system ao- 
comoKxlating a multiplicity of probe types, each spe- 
dfically configured to address the applicatton in- 40 
vdved. The probes should therefore be interchange- 
able with automatic calibratkm when changed. It is 
also important to provWe the dinkaan administering 
the test with feedback regarding any misuse, disori- 
entatton or Inappropriate or prevaiyng conditions that 4s 
could Invalklate the test In prxx:es8. 

Such informatton should be readily or immediate- 
ly available along with other cauttonary alarms con- 
cerning momentary proximity of the sensing probe to 
cancerous or pre-cancerous tissue. CXiring use. the 50 
dinidan is likely to be absorbed In manipulating the 
probe onto tissue regions of concern, and therefore 
cannot focus attentkm onto a computer screen or 
other oonventtonal display or lndk:ator. Configura- 
tions whteh provkie adequate real time feedback to 55 
the dink^al operator, while at the same time storing 
essential measurement data, are thus relevant Ingre- 
dients in a cancer measurement Instrument 



Because probes are usually employed in environ- 
ments containing flukis whk:h have varied optical and 
eledrical properties, it is a father diffteulty to cali- 
brate transmisskm and receive sensors and electrical 
perfonmance in a manner which oopes with this vari- 
ability. Optical measurements are desirably based on 
transmission, absorption, backscaltering by the body 
of the material rather than surface reflectance. Plac- 
ing the probe tip normal to a reflectance standard for 
calibratton will yield a response primarily due to sur- 
face reflection reflectance of the standard. In such 
calibration, the emit/recerve ratio would not be mono- 
tonic with distance from the reflectance starxiard to 
the probe face and it would also be highly dependent 
upon that distance. It is thus a formkjable problem to 
simulate conditnns of actual measurement in this cal- 
ibration process. 

Semi-condudor and other components utilised in 
a probe which witt be handled by an operator and will 
intermittently contact tissue surfaces and will change 
in temperature because of the difference between 
room and tissue temperatures. Partkajlarty for conv 
ponents whwh comprise semi-conductor junctions at 
the probe face, variability of performance can be a 
signif icant consequence of temperature change. It is 
thus desirable that the data handling system compen- 
sate for the instantaneous temperature such compo- 
nents possessed while measurements are being 
made. 

At the present time, underlying mechanisms 
which create physically measurable distinctk>ns be- 
tween normal, pre-cancer and cancerous tissue 
types are only understood in terms of phenomendog- 
ical nxxjels. For an arbitrary type of cancer, one can- 
not predict the predse signif cance of each discrimi- 
nant parameter. As a consequence, the process of 
calibrating such a cancer detectk)n instrument is di- 
rectly interlinked with any discriminatron algorithm 
employed and the foundatk)n measurements upon 
which the algorithm is based. This means that only 
when stade. repeatable probe designs of appropriate 
geometry, efficiency and electro-optk: (for example) 
performance are used to colled reliably accurate data 
regarding cancer and Its pre-cancerous states, can a 
design algorithm be truly optimised. Thus, the means 
by which the algorithm is optimised through succes- 
sive iterations becomes part of the calibratton proc- 
ess and a nDeans for achieving results obtained by the 
various embodiments. 

One or more eledrodes can be used to provkie a 
number of discriminants whteh can be used in the 
identificaUon of tissue types. When using a single 
electrode, the patient is grounded by having some 
form of contad with another part of the body. For ex- 
ample, an electnxle as used in eledrocardk>greph 
(ECG) readings, or one hand in a salt sdutton or a 
conductive wrist band as used by eledronk» work- 
ere. The use of multiple eledrodes enable their rela- 
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tiv6 readings to be additionally used to establish that 
other measurements, for example optical measure* 
ments are wed (bunded tftfough the optical transduc- 
ers being approprtately seated against the tissue sur- 
face. Asymmetry of readings from symmetrically lo- 
cated electrodes Indicate asymmetry of the probe tip 
with respect to the tissue surtaoe. 

Electrodes can take the fbmri of metal discs at the 
face of an insulator achieved by using wires truncated 
at the face. The electrodes can take any one of a num- 
ber of shapes and can Indude circles, ellipses, 
squares, rectangles, triangles, segments of circles or 
segments of annull, and their orientation can be sym- 
metrical or asymmetrical to the centroid of the tissue 
sectkm being scartlnized. 

The electrode surface itself can be metaflic or 
non-nnetallia For example, the electrode can conv 
prise a semi-conductor such as silicon. cartx)n or ti- 
tanium dioxide bonded upon titanium. 

Alternatively, the electrode can comprise an 
electrolytic cell (eg silverfsilver chloride, or mer- 
cury/calomel) coupled to the tissue txy a salt bridge. 
A salt bridge in the form of an electrolyte containing 
gel or sponge or porous plug which can be used with 
a metal electrode also. 

Electrodes can be used to measure a number of 
electrical properties of the tissue, such as: 

- conductivity, by determining the In-phase cur- 
rent ftowing when a sine wave voltage is ap- 
plied to the electrodes, over a range of fre- 
quencies; 

- the complex Impedance of the system over a 
range of frequencies; 

- the current flow into the electrodes on the tis- 
sue as a voltage Is applied. The current flow 
may be analysed In terms of its temporal or its 
frequency components ( eg. by Fourier analy- 
sis). The temporal analysis may be in terms of 
the shape of ttre current flow versus time 
curve, the paranrteters in the equation of that 
curve, or the values of connponents in an equiv- 
alent electrical circuit; 

- thecurrentflowoutof the tissue after the ces- 
satton of a voltege pUse applied to the electro- 
des. The analysis may be temporal or frequen- 
cy related as atxsve; and 

- the voltage decay without drawing current after 
the step removal of an applied voltage that has 
been sustained constent for a sufficient time 
for this system to reach equilibrium prior to its 
removal (ie, the voltage decay into a very high 
impedance). 

An electronic circuit employed to perform the 
atx>ve measurements can be hard ¥fired or it can be 
under software control by a computer. In the latter 
case the type of measurements perfbnfned may vary 
depending upon the results of prevkxis measure- 
ments. 



^ This facility is important for the purpose of esteb- 
Ibhlng that the probe is accurately placed on the tie- 
sue so that readings, electrical, optte^ and other, can 
be expected to be reliabte. Date should be re|ectad 

5 automattealty if the probe orientation is outskJe an ao- 
cepteble range. Various electrode oonf iguratkms and 
signal analysis circuits can be chosen to suit the 
needs of the software. With some types <rf tissue, the 
computer may not be able to come to an unambiguous 

10 diagnosis using the standard nr)easurBment regime. 
In that case, the circuit can be changed by the soft- 
ware and other, complementary detenninatlons can 
be made. 

The probe shouki be able to be nr\anipulated etth- 
15 er across the surface of the human body or within the 
human body using a speculum or other assisting in- 
strunr>ents that provkle the clinician with an unimped- 
ed view of the tissue being probed. There should also 
be suff teient clearance to allow for a high level of illu- 
20 mInatkKi, particularly where optwnal video recording 
of the data sampling is being made. In many internal 
applkatk»ns, the size of the area that the probe 
should be able to respond can be as small as 2 mm 
in diameter. Accordingly, the resdutkxi of the probe 
25 must be sufficient to resolve pre-cancerous tissue of 
that size. 

Having set out various prefe^ed criteria that are 
useful In achieving pre-cancer and cancerous tissue 
detection, a number of specific embodiments can 

30 now be described. 

Fig, 1 shows an arrangement for detecting pre- 
cancerous and cancerous tissue which inckxJes a 
probe 1 coupled to a controller 20 via a cable 9 con- 
nected to the probe 1 via a couplmg a The probe 1 in 

35 this embodiment ts being used to detect cervical can- 
cer, and Fig. 1 further illustrates a speculum 30 being 
ueed toopen the walls of the vagina 31 of a patient 
to expose to the tip of the probe 1 , the cervix 32 which 
terminates the birth canal 33 that provides a path oito 

40 the uterus 34. The probe 1 is moved about the entire 
surface d the cervix 32 in order to stimutete tissue of 
the cervbc 32 and obta^ responses to the stimuli 
whteh can be processed by the controller 20. 

As shown ki Fig. 2, probe 1 1ndudes an external 

45 tube 2 whkii provides electrical Insulatton and mech- 
ank:al strength. Located within the tube 2 is a first 
electrode 3 which is in the form of a flat end of an elec- 
trical wire which is posittoned in the centre of a bundle 
of optical fibres 4. Three oth&f etectrodes 5,6.7 are 

50 segments of a cyllndric metal tube whkii are posi- 
tkMied adjacent and abutting against the kitemal sur- 
face of the external tube 2. 

A second embodiment of a probe 10 useful in the 
arrangement of Fig. 1 is illustrated in Fig. 3. This em- 

55 bbdiment of the probe 10 presents a more oonpact 
design which is realised using only three electrodes 
15,16,17 having a different shape to the alectrodea 
5,6,7. The shape of the electrodes 15,16,17 ensures 
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that the eiectrtoal and optical measurements are 
made on the same area of tissue. The electrodes 
1 5^6. 1 7 are adjacent to and atou against an external 
tube 1Z with a bunde of three optical fibres 14 posi- 
lloned therebetween. 

Using the probe 1 of the fbvt embodiment, three 
•nitial electrical measuiements are made between 
the central firat electrode 3 and each of the other 
electrodes 5,8.7. TTie results of these measurements 
are compared and if the results differ signlficantv 
the measurements are discarded because It indicates' 
that the tip of the prebe 1 1s not In unlfomt contact with 
the tissue. 

In the preferred embodiment pulse measure- 
ments are used both for optical and electrical proper- 
ties, as a method to reduce noise and mutual inter- 
ference between the measured signals. For this rea- 
son, an example o# the invention as descri)ed in ref- 
erence to Figs. 4 and S includes the use of a sequence 
of electrical pulses. 

In Fig. 4. a graph of a sequence of electrical puls- 
es is iOustrated for the use of the probe 1 of Hg 2 A 
voltage pulse U„ is applied between the electrodes 
3 and 5 with electrodes 6 and 7 disconnected. This 
puise is followed by a pulse U,,, between electrodes 
3 and 6 with electrodes 5 and 7 disconnected. This is 
foltowed by a ptise U^, between electrodes 3 and 7 
with electrodes 5 and 6 disconnected. During and Im- 
mediately after each pulse U,* U„ and U^,. the sys- 
tern measurss the electrical responses which »e 
then stored and compared. This will be described be- 
tow. If the results differ significantly the results are 
discarded because it indicates that the tipof the probe 
1 a not m unifbrm contact with the tissue. To enable 
a large number of readings to be laicen. the pulse dur- 
ation and the sequence duration are relatively short 
typically in the tens to hundreds of microsecond re- 
gion miilbeconds to provide real-time useful infonna- 
tK)n. If the measurements indicate a correct position- 
ing of the probe 1. then a fourth measurement is per- 
formed with a symmetric connection of the electro- 

fif • • P""** • applied between 

electrodes 3 and electrodes 5,6.7. 

Fig. S illustrates a similar sequence of electrical 
pulses used for the configuration shown In Fig. 3. In 
this embodiment, the symmetry of the electiic field at 
a given time is no longer realised. Three electrical 
pulses. Uta,,^,^ applied between electrode 15 and 
connected etectrodes 16 and 17. U„,„.,« applied be- 
tween electrode 16 and connected electrodes 17 and 
15. and U,7„a,,, applied between electrode 17 and 
connected electrodes 15 and 16. are used. The rela- 
tive magnludes of the measured responses indicate 
a correct or Incorrect positioning of the probe, to pro- 
vide an indication of operator enw. 

In another form of the invention. K is possible to 
use only one electrode in the probe, the second con- 
nection to the sicin or tissue can be made using any 



one of a number of convenient methods, eg aeon 
ductive pad to some part of the body 

mem?? 'H?-^ ^ 10 »e above embodi- 
5 ^ ^1 '^'^ ^ "^^^ can be 

"* " For example, a rec- 

tangular electrtc pulse can be applied to the ele«^ 

tl«^flows into and out Of the tissue can be niasuri 
either as a anient in the circuit, or as a time variant 
« potential difference between the eiec„i^:^' 

signals is a measure of the electrical properties of the 
t«sue. Alternatively, electrical signals of various fre- 

''"«n«escanbeosedtomeasurethetlssueelectrical 

voltage aTp^ 

to the tissue during the measur«nents needs to be 

present but « general should not exceed two volts so 
» as to avoid discomfort to the patient 

The optical properties of the tissue can be meas- 
^^VZl o"^^ *^ngths from ultraviolet to 

^ in tt-e probes 1 

and 10 IS used to ouide aiAOmm.^.^ 

- '-one.n^resoSI^Sto'^Srr^thTt,"!" 

f^rh^i!.!?^*'*"* to or a Short distance away 
from the first fibre guides the radlatlonfromthetissue 
30 m^„L°.!"ir Illustrated). The 

« magnitude of signals from the detectors provide a 
measure of the optical properties of the tissue 
The sources of the electromagnetic radiation can 

35 Several wave- 

as lengths can be guided down one flbre 4.14 or seoa- 

Amon^ the wavelengths that have been found to be 
higWy d«gnosticare 540. 650. 660. 940 and 1300nm 

40 svJ!l*,?"*^*^'"*^**^'«««'««V"ter 
« system 21 as iHustrated in Fig. 6 that can sup«vise 

temS';;:!':^ **** embodiment The^ 

tam21,ncludesamicroprecessorblock22 Which coT 
tton'JTJ ^' synchronisa- 

fifn^K • . '^^ 1 10 respectively 

and the optical emitters (not Illustrated). The signals 
rom electrical and optical detectors are proceSit 
themicroprocessor block 22 and the results can ^ 

fT"'* '^"""8 ^keyboard 25 
mands to the computer system 21 

The data which has been coHectBd by the com- 

system 21 in the form of patterns of date specific for 
each ttesue type. Fig. 7 Illustrates a typlcJgraph S 
t«sue types as a function of three diseriminLro^ 
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lainable from elactrical and optical maasurements. 

Tha three diacrlminanta employed In the prepa- 
ration of Fig. 7 were two measuraa of t)acl(8cattered 
light (dsc1 ,dac2-cach at a conesponding wa>^ength) 

andameasureof theehapeoftheolactricairelaxa- s 
tten curve derived by Fourier analysis (dsc3). Fig. 7 
demonstrates how the normal tissue types Original 
Squamous Epilethium (OSE1 . OSE2. OSE3). Colum- 
nar (COL1. C0L2) and Immature metaplasia (P) are 
distinguished from the atmormal, pre^cerous lis- lo 
sue types Human Paplloma Vbus (HFV). Atypla 
(ATYP) and Precancer (01. 02. 03) 

The results of this comparison are communicated 
to the operator via the display 24 or other appropriate 
means. The results can be stored In the microproces- is 
sor block 22 for particular patients and later retrieved 
or printed out 

In the embodiment of Rgs. 1 to 7, probes 1 and 
1 0 of an elongate straight outer tube where appropri- 
ate, a flexible shaft can be provided or the probe in- 20 
oorporated in a capsule whereby insertion using a 
catheter arrangement can be achiewed. 

Fig. 8 illustrates a probe 40 spedf ically conf ig- 
ured and shaped to sample tissue types on the cervix 
32 of a patient In particular, the carvlc^ probe 40 in- 2S 
dudes an elongate shaft 41 which can be held by the 
clinician and which interconnects to a cable (not illu- 
strated) which supplies to the control unit The shaft 
41 terminates In a main body 42 from which a central 
probe portion 43 extends, into the birth canal 33. and 30 
which is surrounded by an amwlardepressbn 44con- 
figured to cup the cervix 32 therewithki. The probe 
portion 43 and the depression 44 have distributed 
across their surfaces repeated arrays of stimulate/re- 
ceive denrtents 45 which are configured to sairple 35 
physical properties of the tissue slong the entire con- 
tour of the cervix 32. The sensora 45 kiterconnect to 
the controller via the shaft 41 . Because a multiplicity 
of stimulate/lrecelve energy types can be applied at a 
plurality of contiguous regions along the entire cor»- 40 
tour of the probe face, a composite badcscattoring 
picture can be ascertained with a single twist of the 
shaft 41 by an operator. 

In Fig, 9, a flexible probe 50 is shown which is 
configured to be applied spedflcaly to sidn. In this 45 
case, upon the arm 36 of a patient The probe 50 In- 
cludes a flexible printed circuit planar substrate 51 
upon which a number of sensors 52 «b configured. 
The sensora 52 are connected to a cable 54 via a 
number of printed connections 53. The cable 54 links 50 
the probe 50 with the controiler as in the previous em- 
bodiments. With this configuration, the probe 50 can 
be applied to a curved or flat surface Iheivby permit- 
ting relatively large areas to be assessed In a sub- 
•tentiaUy shorter tbne than that wouW be required 55 
with a probe of the embodiments of Fig. 2. 3 or 8. 

Fig 10 lUustrates an extenston of the anange- 
ment of Fig. 9 but of a totally Integrated detector as- 



sembly 60. The detector assembly 60 incorporates a 
f lexibte substrate 61 arranged with a plurality <rf sen- 
sore 62 as in the probe 50. The substrate 61 is sup- 
ported by an open cell foam support 83 whfch con- 
nects to a housing 64 within which a control unit 65 
of the detector assembly 60 as formed. The support 
63 pemnts flexing of the substrate 61 to match tissue 
contours whilst being supported from the control unit 
65. The control unit 65 connects to the sensors 62 
and incorporates. In a small hand held package the 
processing functtons required for external tissue type 
delerminatlon. The control unit 65 includes an inte- 
grated battery supply 66 together with a processor 
module 67. an input/output sectnn 68 which con- 
nects to the sensors 62. and a contro/display module 
69. Connected to the oontrol/disptay module 69 is a 
number of indk»tore 70 whk:h provkle either visual or 
audible feedback to the operator indicative of the tis- 
sue type when the probe assembly 60 is placed upon 
the surface of a living body. 

Fig. 1 1 illustrates a ball refraction probe 71 which 
incorporates a shaft housing 72 and a dear (transpar- 
ent) spherical refractive ball 73 arranged at the per- 
iphery of the Shaft housing 72. Configured within the 
Shaft housing 72 is a multiplicity of light sources 14 
(only one of which is ilustrated). such as lightemitting 
diodes covering different spectral bands, and com- 
plementery light sensora 75 (again only one illustrat- 
ed for clarity), such as light dependent reslstore PIN 
diodes, or other optical sensors. The probe 71 is con- 
figured so that the ball 73 acts to refract light emitted 
from each source 74 in a substantially spherical pal- 
tern to stimulate a large area of tissue 76 whnh is 
brought into contact with the ball 73. In a correspond- 
ing manner, badcscattered light from the tissue 76 is 
refracted within theball73andontothe sensor 75 An 
opucally opaque banier 80a prevents direct illumina- 
tion from the sources 78 to the sensora 79. Two elec- 
trodes 78 are positroned on the ban 73 so as to con- 
tact the tissue 76 for electrical stimUatton. A number 
of wire conductore 80 communkate signals between 
the probe 75 and the controller (not Olustrated) As il- 
lustrated, a region 80 of the tissue 76 is ilhiminated 
by the sources 74. and a regton 81 of the tissue is 
seen by the sensors 75. thus provMing an indicatton 
of the light transmittance through the tissue 76 be- 
tween the regkMts 80 and 81. 

Fig. 12 shows an ultrasonic probe 85 which is 
formed upon a shaft 88 and whh:h incorporates four 
electrical sensora 87 configured in a manner not un- 
like prevkjusly described embodiments. In partkxilar. 
provided in the probe 85 are four ultrasonk: transduo^ 
era 88 each able to be energised separately in oTOer 
to stimulate tissue brought into contect therewith. 
Where any one transducer 68 la stimulated, the re- 
maining three can be used to recehre the transmitted 
ultrasonw pattern. Recehred patterns can be proc- 
essed to determine a variety of feahires relating to the 
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densily of the tissue and any changes in density 
throughout the tissue, which is indicative of biood 
^ perfbrmed using Ume of flight meas- 
urements such as use in luiown acoustic imaging sys- 
tems such as in sonar and medicai ultiasound. In or- s 
der to compensate changes in aooustic coupling, a 
number d temperature sensors 89 are configured on 
the surface of the probe 85 which can be used to 
sense the temperature of tissue being sampled which 
can be used to compensate for changes in ultrasonic io 
veioctty therewithin. 

Rgs. 13A and 13B show a heat/light probe 90 
which includes a tubular casing 91 along which »e ar- 
ranged three optical fibres 92. The fibres 92 are used 
*° «'ssue being sampled and to receive i$ 

transr^lected light from the tissue. Also included in 
the probe 90 is aresistive heater 93 configured to se- 
lectively heat the tissue being probed, and a temper- 
ature sensor 94 configured to measure the tempera- 
ture oT the tissue in response to the action of the hea- 20 
ter 93. In this manner, the thermal response time of 
the tissue type can be determ^ by the controller 
which provides an indication of blood flow through the 
tissue which can be indicative of pre-canceitxis and 
cancwDus cell growth. 2S 

In Figs. 14A and 14B, a magnetic probe 100 is 
shown which is, like previous embodiments, formed 
within a tubular casing 101. The probe 100 includes 
a number of electrodes 102 configured In a manner 
of previous embodiments. Also included are four opt- 30 
ical transmitters 103 such as light emitting diodes ar- 
ranged to transmtt right at different wavelengths such 
as ISOOnm, 440nm. 565nm and 660mn. Two optical 
f«ce«ver8 104 are configured to receive light at differ- 
ent wavelengths, such as 1300nm and 500-1000nm. 35 
Also provided is a magnetic transmittar 105 centrally 
lodged within the probe 100 and three awrounding 
magnrtic receivere 106. The magnetic transmitter 
105 and receivere 106 inoorporate a ferromagnetic 
core arKl a corresponding windhg whereby the mag- 40 
natkt transmttter 105 establishes a small magnetic 
field extending from the end of the probe 100. 
Changes in the magnetic field are detected by the re- 
ceivers 106 which can be compared whereby an im- 
balance between the signals received by each of the « 
recehrers 106 Is indicative of a magnetic anomaly in 
the tissue. 

Whilst at the time of writing Uiis specification, the 
exact significance of nwgnetic stimuli is not kno¥»n. 
it is believed that localised anomalies in the magnetic so 
response a tissue is due to a disturbance in the 
electrical charge ttiat results from a function of Uie 
change of the partitioning wiUiln Ore cells <rf tiw tis- 
sue. Notably, surrounding the nucleus of a celi are a 
marnber of partitioning layere and It Is beUeved tttat 55 
communication between those layere limits growtii in 
normal cells. However, in cancerous cells, are only 
limited in communication between the layere appeare 



to be i.m.ted which is believed to be directly related to 
the unconstrained growUi of cencertMs cells. Accord- 
ingly, an imbalanced distribution of electric^ charge 
wh.ch can be detected or altered magneticdiy can be 
indicative of limilad communication and tiierefore 
cancerous activity. 

Preferably, a common control mechanism can be 
used for a number of different probe types and is 
therefore appropriate where the probes are inter- 
changeable, the probes andA>r ttie controller are able 
to be calibrated In a convenient manner such that re- 
liable and consistent tissue sampling is achieved. The 
increased advent of microminiaturization increases 
feasibility for an ever larger plurality of the previously 
mentioned energy stimuiatefteceive forms within tiie 
tip of a single probe to enhance the number of dis- 
cnminant parametere needed to detect cancer and 
pre-cancer. 

In Fig. 15. a first calibration arrangement 120 is 
shown whereby a probe 122 connected to a controller 
121 IS contacted witii a syntiietic tissue substitute 
123. The material 123 simulates well-defined known 
tissue properties in terms of backscatterfng and other 
energy emitAeceive characteristics such as ttie elec 
trical characteristics and in ttiis manner, the controlier 
121 can be placed in an auto-nuling mode by which 
stimuli pulses output from the probe 122 and received 
signals can be verified as acceptable or adjusted 
such that they match within predetermined limits 
Once suitably calibrated, the probe 122 can then be 
used and ttie synthetic substitute material 123 steril- 
ised thereby preventing any a biological hazard. 

Fig. 16 illustrates a second arrangement 125 
which IS pro-active as opposed to ttie embodiment of 
F^. 15 being semi-active. In Fig. 16. the tip of a probe 

1 26 IS shown contacting a complimentary probe anay 

127 which fornis part of a controller 128 to which Uie 
probe 126 is connected. In ttiis manner, tiansmittere 
and receivere wiUiln each of Uie probe tip 126 and 
probe array 127 can be stimulated and because re- 
sponse of tiie probe array 127 is known, and consis- 
tent through an accurately calibrated drive mnge- 
ment 129. responses of Uie drive arrangement 129 
can be detected by a calibration controller 130 which 
can then act to modify a drive arrangement 131 of the 
probe Up 126. 

A third calbration anrangement 135 is shown in 
Fig. 17 where a probe 136, having an arrangement of 
conducting leads 137 from transducers (not illustrat- 
ed) interconnect to a controller 141. Arranged wittiin 
the probe 1 36 is a programmable read only memory 
(PROM) 138 which is programmed specific calibra- 
tfon values relating to ttie transducere in ttie probe 
1 36. The PROM 1 38 connects diectiy to a calibration 
module 140 vtea numberof leads 139. The calibration 
module 140 outputs a numberof gain control outputs 
142 which supply an array of amplif iere 143 which are 
connected to ttie leade 137 to and from ttie transduc- 
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efs. In this manner, the gain d each of the amplifiers 
143 is adjusted in raeponse to the values within the 
PROM 13d so as to compensate for variations be- 
tween the transducera on different probes 13a. The 
PROM 138 networfc can also allow digftal electronic s 
sterilization of the prot>e and keep track of each Ume 
that the probe is used in conJunctkKt with the cocnput- 
er. The inclusion of the PROM 138 in the probe 136 
permits the probe 1 36 to be electronicaly identif iable 
and each use of the probe 1 36 to be recorded thereby io 
permitting, where appropriate, ttie number of repeat- 
ed uses of the probe 1 36 being automaticaily restrict- 
ed apriorl 

Turning now to Rg. 18, a preferred configuration 
of a detection system 150 is shown schematkaily is 
which includes a probe 151 connected via an analog 
board 152 to a processor board 153. The pro cesso r 
board 153 outputs to a display 1 54 and includes user 
inputs obtainable through a number of control keys 
1 55 and a numeric keypad 156. Compi^ type com- 20 
municatk)ns is available through an RS 232 style con- 
nection 157 or an IEEE 488 part or a OOm port or 
Direct MenDory Access (DMA), wth AC makw power 
being directly supplied via an input 158. 

The probe 151 includes devices to provkle a plur- 25 
ality of different physical stimuli. In particular, a num- 
ber of light enr^tting diodes (LEO's) 1 59 provkle opti- 
cal stimuli. Also, a number of electrodes 160 provkle 
electrical stinmii to the tissue, whk:h can be used for 
t>oth determining discriminant values as weH as for 30 
assessing the orientation of the probe 151 against the 
tissue. Additk)nal components (not ilkistrated) for ad- 
dith^e stimulate/receive discriminants can also be in- 
cluded in the manner prevkxisly descrft>ed. To supple- 
ment the orientatk>n of the probe 151. a numt>er of 35 
strain gauges 161 provkle an indkatk)n of the orien- 
tatkxY of the probe 1 51 . against the tissue. The probe 
151 also includes a nuntber of indicators 162 whk:h 
can include either audible and/or optical indicators 
which provkle feedback to the phy8k:tan as to the type 40 
of tissue as it is assessed in real time. A number of 
photo dkxles 163 provkJe electric optkal sensing of 
light emitted from the LElXs 159 and transreflected 
by the tissue Because of the tow signal intensity of 
output from the photo dk>des 163, a preamplifier ar- 46 
rangement 164 is included In the probe 151. The 
prot>e 151 connects to the anatog t>oard 1 52 whk^h tn- 
cHjdes drive and control amplrfters coupled to each of 
the elements of the probe 151. 

The processor board 153 incorporates a micro- 50 
processor controller utilising a CPU 1 78 that is provkJ- 
ed with a digital I/O block 176 as well as a serial I/O 
btock 178. The CPU 178 inflates stknuli whtoh ve 
output via a serial I/O block 178 to a digital to analog 
converter 174. The 0/A converter outputs to a LEO 55 
drive and control unit 165. LEO drtve and control unit 
165 ia used to supply the LED's 159 and is also input 
with digital signala via the digital I/O 176. Oigitai I/O 



1 76 also outputs to an electrode drive unit 1 66 which 
coupled to the electrodes 160 for provUing electrode 
stimuli pulses to the tissue. An annplifter 167 ampli- 
fies the outputs of the electrodes 160 whk:h are rout- 
ed through a protectkMi unit 172 to an anatog to digital 
converter 177 for assesanrtent by the CPU 178. Out- 
put of each photodk>de preamplifier 164 la provkJed 
to an optk:al detector amplifier 171 whose output digi- 
tised using the A to O converter 177 for referencing by 
the CPU 178. Alternative stimutataVteceh^e energy 
transducers 160a can also be included if required. A 
strain gauge drive 168 uses a DC signal from a DC 
power conditioning unit 180 and applies the strain 
gauges 161 which output to a strain gauge amplifier 
169. The amplifier 169 outputs via the protectkMi urtit 
172 to the A to D converter 177 to measure the meg- 
nitudes of the forces being applied by the probe to the 
tissues. The digital I/O 176 also outputs to an indica- 
tor drive 170 whk:h drives the mdk^tors 162 in a 
known manner. The CPU 178 is supplied with a reset 
arrangement 181. a ck>ck 182, and also outputs to a 
test socket 183. 

A mentioned earlier, the probe 1 51 can be provid- 
ed with a PROM (not illustrated) to permit calibrat»n. 
ease of sterilizatk>n« and record keeping of protw use. 
The PROM if used can connect directly to the digital 
I/O block 176. 

In operatton, a basic stlmulatton pattern is pro- 
grammed or selected from a memory 1 79 by the CPU 
178 and is used to stinHilate the LED's 159 and elec- 
trodes 160. Raw dataisrecordedtytheCPU 176 and 
stored in the memory 179 whereupon it is processed 
into a number of different discriminants. For each re- 
lated series of samples taken, the nultiple discrimi- 
nants are then combined algorithmtoally to provkie a 
tissue type categorisatk)n. That categorisation is then 
compared with known categorisatk)ns stored within a 
non-volatile portkxi of the memory 179 and, where a 
match occurs, the categorisatkMn is klentif led as be- 
ing either normal tissue, pre-carK»rous or cancerous 
and an indicatton provkled to the phyaictan as appro- 
priate. Where the tissue type ia unknown, a corre- 
sponding indcatton is provkled to the phystotan which 
can prompt further examlnatton of that partk»lar part 
of the tissue. 

When processing the raw sensed data. It Is ap- 
propriate to select features that are relatively unrelat- 
ed to normal patient-to-patient changes. This can in- 
clude the processing of physkal parameters such as 
electrical characteristks and optical charactoristks 
both in the frequency and time domains so as to otn 
tain frequency and time portrayals of electrical be- 
havkxir. Frequency components can be obtained by 
Fourier transformattons or by measurements at dif- 
ferent frequencies. Temporal responses relate to the 
amplitude of response relative to the energy imparted 
into the tissue. Swept frequency stlmulatton provides 
a spectral response resulting in a complex impe- 
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dance oonsidaration of the tissue type comprising 
nine or nwe separate parameters each with a corre- 
sponding spectral curve. ElectricaJ temporal re- 
sponse can be detannined by sequentialty monitoring 
the observed response to a known electrical stlmu- 5 
tus. typically a step function or impulse. 

tn optical arrangements the absolute bacfcscat- 
tering of a sample can be determined as previously 
mentioned, along with the slope and rate of change of 
response, thereby providing as variables the first and 10 
second differentials verses, wavelength or time for 
spectral or temporal characterizations respectively. 

For ultrasound transmissions density changes 
affect both the amplitude and Doppler effects and va- 
rious combinations thereof which can be analysed by is 
image analysis techniques. For magnetic stimuli, 
anomalies at particular frequencies or over a range of 
frequencies can be determined. 

For each different type of tissue, various combin- 
ations of stimuli can be used. For example, for cerv- 20 
ical cancer, the pr^en-ed types of stimuli are optical 
and electrical. For skin tissues, optica, electrics^, 
magnetw; acoustic and thermal stimuli can be impor- 
tant 

Once the physical data and various discriminants 2s 
are obtained, they can be algorithmkally combined to 
determine the partk:ular type of tissue being exam- 
ined. This can be done using discriminant analysis 
techniques, linear programming, cross con^atfons or 
neural networks. The preferred embodiment discrim- 30 
inant analysis techniques are used where expert opin- 
ions or empirically derived conrelattons are used to re- 
late data so as to optimise the discriminant values. 
Essentially, various coefficients for each variable ae 
assessed and a determination is made of what mod- 35 
if ications are required to the variable in order for them 
to be mapped Into a partfcuiar type of categorisatton. 

The preferred embodiment for detectton of cerv- 
ical cancer uses eight discriminants based on electri- 
cal and optical sensing. Those discriminants are 40 
backscattering of light at 540, 660, 940 and 1300nm, 
and four shape fiaatures of the voltage decay curva 
The manner in which the discriminants are used 
to provWe the tissue categorisation Is algorithmic and 
for cervical cancer and pre-cancel detectton using the 45 
above kjentif led discriminants, the combination is as 
follows: 



where VARj Is the real-tinw variable associated with 
positton j in the linear equatwn. A, is the constant 
coefficient for variable I, and P, is the relative prob- 
ability of the I th tissue category. 

tn order to obtain accurate testing results, a large 
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data base is required whereby known responses to 
particular types of cancers and pre-cancers can be 
conrelated. For example, the present inventors, in the 
pursuit of embodiments relating to detecting cervk:al 
cancer, have examined over 2,000 subjects where 
each was analysed by an expert colposcopist and 
where relevant an histologist who provided reference 
data for significant tissue categories. Each of these 
subjects was also examined using a probe and sys- 
tem in accordance with the preferred embodiment, 
such that the responses of the prefenred embodiment 
to the particular tissue types which have been man- 
ually categorised, can be cross referenced with the 
manual categorisation. This then forms the database 
for that partfcuiar type of cancer such that when the 
probe is applied to another patient the responses 
from that patient can. after processing through dis- 
criminant analysis, can be cross referenced to the da- 
tabase to identify the partfcuiar tissue type. 

The present inventors have also performed sim- 
ilar experiments, and are developing databases in re- 
spect of breast cancer. sWn cancer, coton cancer and 
prostate cancer. Each different type of cancer how- 
ever presents different types of problems for the de- 
velopment of the database, tn partfcuiar. for cervfcal 
cancer, in vivo examinatfcn can be performed how- 
ever, for breast cancer, cofcn cancer and prostate 
cancer, btopsy results are necessary and therefore 
the database is developed about "in vitro" informa- 
Ifcn. In skin cancers, dermatological examination as 
well as btopsy results can be used. 

All samples are ratified by corretatton <rf probe re- 
sults against in vivo and btopsy identif icatton whfch 
provides reference characteristfcs of each tissue type 
as they are detected by the probe. 

Investigattons by the present inventors regarding 
the perfomiance of the preferred embodiment have 
indicated that detectton system 150 for cervfcal can- 
cer has provtoed between 85 and 99% concordance 
between cdposoopy/histology and probe diagnosis 
dependtf)g on tow grate abnormalltes (well- 
developed human papiltoma vinis changes, minor 
atypia or cervfcal intraepithelial neoplasia grade 1). 
90% on high grade abnormalities (cervical Intraepi^ 
thelial squanDous neoplasia grade 2 or 3). to 99% on 
invasive cancer. Statistical analysis and extrapda- 
tton of these results suggest that the proportton of 
false positive and false negative rates using a probe 
anrangement of the prefenred embodiment is of the or- 
der of 10% and therefore, in respect of cervical can- 
cer, the present probe arrangement is a substantial 
improverwrt over the general 50 - 60% accuracy 
considered appropriate to the traditional pap smear 
test. 

The foregoing describes only a number of em- 
bodinr)ent8 of the present inventton and modifica- 
tfcKis. obvtous to those skilled in the art, can be made 
thereto without departing from the scope of the prea- 
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«nt invention. 



Claims 



1 . A method of Identifying tissue which is suspected 
of being physiologically changed as a result of 
pre-cancerous or cancerous activity, said meth- 
od comprising the steps of: 

(a) sut>jectlng the tissue to a plurality of differ- io 
ent stimuli; 

(b) detecting a corresponding tissue response 
to each stimuli: 

(c) processing each response in combination 

to categorise the tissue; and 15 

(d) comparing the categorisation of the tissue 
with a known catalogue of expected tissue 
types to Identify the tissue. 
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2, A method as dainml in daim 1, wherein said 
stimuli are selected from the group consistrg of 
electrical stimuli, light stimuli, acoustic stimuli, 
magnetic stimuli, and thermal stimuli. 



3. A method as daimed in daim 2, wherein any one 25 
or nrwre of said stimuli are selected from the 
group consisting of a continuous stimulus signal, 
a pulsed continuous stimulus signal, a frequency 
modulated stimulus signal, and a phase nruDdulat- 
ed stimulus signal. 30 

A method as daimed in daim 3. wherein said light 
stimuli comprises a sequence of plurality of 
pulsed light signals each of a separate spectral 
bandwidth, the sequence being repeated suffi- 35 
dently rapidly that tissue responses are acquired 
substantially sinmittaneously. 

5. A method as daimed in daim 2, wherein all of 
said stimuli are applied to the tissue 8ut)stantially 40 
simultaneously to cause a quantum sampled re- 
sponse to be detected. 

6. A method as daimed In daim 1 . wherein step (c) 
comprises processing each safd response by one 45 
or nwe predetennined process steps to obtain 

for each said process step a processed result, 
and combining each of said process results in a 
predetermined manner to provide a categorisa- 
tion of said tissue. 

7. A method as daimed in daim 6 wherein ar least 
N stimuli (N^2) are used and said responses are 
processed into at least N+1 said processed re- 
sults. 55 

8. A method as claimed In daim 7 wherein said stim- 
uli comprise electrical stimuli and optical stimuli 

12 



which provide eight of said processed results. 

9. A method as daimed in daim e, wherein said 
processed resUts are combined by a weighted 
summation d said processed results in which a 
weight value for each said processed result is 
pradetenmined and based upon tissue types with- 
in said catalogue and the parttcutar relevance of 
each said processed result to said cattfogue. 

10. A method as daimed in daim 6, wherein said 
process steps are selected from the group con- 
sisting of: 

- for said electrical stimuli and magnetic 
stimuli, an amplitude response, a frequen- 
cy response, an absolute amplitude deter- 
mination, a phase response, a spectral re- 
sponse, a first differential response with re- 
spect to time, and a second differential with 
respect to time; 

- for said light stimuli, a spectral response, 
and a spatial response; and 

- for said acoustic stimuli, an amplitude re- 
sponse, a frequency response. 

11. A method as daimed in daim 6. wherein said 
processed results are combined by an algorith- 
mic approach using one of linear-prograrmiing. 
cross-correlation and neural networks. 

1Z A method as daimed in claim 1. wherein said cat- 
alogue of tissue types is obtained through cross- 
referendng manualy examined and p^hdogical- 
ly dassified identified tissue types of a sample, 
with processed responses obtained from steps 
(a), (b) and (c) from said sample, those respons- 
es thereby being anticipated to be obtained by 
use of saw method in the absence of manu^ ex- 
amination or pathologfcal dassificatkxi of said 
tissue. 

13. A rrwthod as daimed in daim 1 wherein sakl tis- 
sue suspected of being changed is n one or more 
categories of cervical tissue, breast tissue, skin 
tissue, prostate tissue and colon tissue. 

^A. A method as daimed in daim 1, wherein said 
processing and comparing steps occur in real- 
time and said identification comprises a statistf- 
cal comparison of said categorisation with tissue 
types in said catalogue. 

15. A method as daimed in daim 1, wherein said tis- 
sue forms part of a living organism. 

1 6. Apparatus for Wentif ying tissue vvhwh is suspect- 
ed of being physidogically changed as a result of 
pre-cancerous or cancerous activity, said appa- 
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tion at said frst and second wavelengths back- 
scattered by said tissue: 

at least one electrode nr>eans to apply elec- 
trical signala to said tissue and electrical meas- 
uring means to measure resulting electrical re- 
sponse k>y said tissue; and 

comparator means to con^are the meas- 
ured electrical signals and the measured re- 
ceived radiation and compare same with known 
values to lheret)y identify the tissue type. 

20, A method of Identifying tissue which Is suspected 
of t>efng physiologically changed as a result pre- 
cancerous or cancerous activity, said method 
comprising the steps of: 



ratus comprising: 

a plurality of energy sources configured to 
impinge upon said tissue and to stimulate said 
tissue with a pkjrality <rf different stimuli, a plur- 
ality of detectors configured to detect responses 
of said tissue to a respecthre one of said stimUi 
and to couple said responses to a controller said 
controller including a processor arrangement 
configured to process said responses in combin- 
ation in order to categorise said tissue, a memory 
arrangement comprising a catalogue of expected 
tissue types, and a comparison arrangement for 
comparing the categorisation of said tissue with 
said expected tissue types from said catalogue 
so as to identify said tissue, and an indicator ar- 
rangement for indicating to a user of said appa- 
ratus the tissue type identified. 

17. Apparatus as dainr>ed in claim 14, wherein said 

energy sources and said detectors are config- 20 
ured in a probe ntaniputable by an operator to 
contact said tissue, said tissue being within or on 
an exterior surface of a living organism under ex- 
amination. 

25 

ia. Apparatus as claimed in daim 17, wherein 
through electronic identification the probe which 
brings the stimulus to the tissue is nunDerically 
serialised and each use of that probe is numeri- 
cally recorded automatically and the number of 30 
repeated uses of a given probe is automatically 
restricted apriori. 

19. Apparatus for identifying different tissue types 

induding those displaying modifications invdv- 35 
ing pre-cancerous or cancerous activity, said ap- 
paratus comprising a probe having one end shap- 
ed to face said tissue and comprising at least two 
paths for electromagnetic radiation, at least one 
of said paths leading to said one end arranged to 4o 
oonvey said riectromagnetic radiation in a first 
direction towards said one end. and at least one 
of said paths leading from said one end and ar- 
ranged to convey said electromagnetic radiation 
In a second direction away from said one end; 45 

a first electromagnetic generator rr^ans 
connected to said at least one said first direction 
path to transmit said electromagnetic radiation at 
a first or associated with a first wavelength along 
said at least one first direction path and a second 50 
electromagnetic generator means connected to 
said at least one first direction path to transmit 
said electromagnetic radiation at a second wave- 
length along said at least one first direction path, 
said second wavelength being different from said 55 
first wavelength; 

receiving means connected to said at least 
one second direction path to receive said radia- 



irradiating said tissue with electromagnet- 
ic radiation at a first wavelength; 

irradiating said tissue with electromagnet- 
ic radiation at a second wavelength, said first and 
second wavelengths being different; 

recehnng the radiation at said first and 
second wavelengths backscattered by said tis- 
sue; 

supplying electrical signals to said tissue 
and measuring ttie resulting electrical response 
of the tissue; 

generating mathematical transformations 
of said received radiation and electrical response 
signals and Identifying the condition of said tls- 
suety comparing said mathematical transforma- 
tions witii a catalogue of the key features of nor- 
mal and abnormal tissue types. 
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